Dimerization of Escherichia coli UvrA and its binding to undamaged and ultraviolet light damaged DNA.
The initial stages in the repair of damaged DNA by the Escherichia coli uvr system involve the recognition of damage by UvrA. We have examined in detail the binding of UvrA to DNA randomly damaged by ultraviolet light, undamaged DNA, and single-stranded DNA using nitrocellulose filter binding and gel mobility shift assays to arrive at the following model: UvrA dimers bind specifically to damaged DNA both in the presence and in the absence of ATP. The dimerization of UvrA is promoted by UvrA concentrations greater than 1 nM, the presence of ATP, or physiological temperatures, and the dimerization step dominates the temperature dependence of UvrA binding to DNA damaged by ultraviolet light. The apparent association constant for specific binding is dependent on the concentration of UvrA due to coupled dimerization, aggregation, and nonspecific binding reactions. At 1 nM UvrA, either with or without ATP, Kuv approximately 10(9) M-1. The binding of UvrA to undamaged DNA is 10(3)-10(4)-fold weaker than the damage-specific binding. Both the strength of damage-specific binding and the discrimination between damaged and undamaged sites are affected by the salt concentration. The kinetics of association and dissociation reactions indicate that the primary effects of ATP are on the extent of UvrA dimerization rather than on the properties of the UvrA-uvDNA complex. The complexity of the interaction of UvrA, ATP, and DNA is indicated by the opposing effects of ATP binding and hydrolysis on UvrA dimerization.